Abstract. Optimization study of ground-source heat pump heating systems in extremely cold areas. Through the ground-source heat pump system built in extremely cold areas, the optimization of the heating conditions of system is researched. The results show that the average COP value of the system is increased by 9.8% when the system is intermittent in operations and the average COP of system is increased by 11.1% when two compressors operate and the irculating pumps adopt the inverter control. The average COP of the heat pump is increased by 4.3% when 3 compressors operate and the circulating pumps adopt the inverter control. This shows that the system optimization is very necessary with the ground-source heat pump system in severe cold regions, and can further improve the efficiency of system.
Introduction
Heating energy consumption is larger at Heilongjiang area in winter, dust and oxides of petrochemical energy generation cause serious environmental pollution [1] . Ground-source heat pump system is a new kind of equipment to obtain the cold (or heat) energy in soil by the using of the medium. The soil temperature blow cold region frozen layer is less affected by the environment, ground-source heat pump system have stable operation, energy efficiency and environment protection [2, 3] . Ground-source heat pump system have widely used in some developed countries [4, 5] . Due to the system initial investment higher, there is few in domestic engineering application, especially in the cold region. Compared with traditional way of heating, ground-source heat pump system energy saving effect is very significant. Currently, these systems in China have not great energy saving effect, the main reasons are: (1) System design is not reasonable, the working condition of circulating pump and compressor without regulating function; (2) System operation optimization is not enough, heating water temperature is not adjusted according to heat load change. Focusing on these problems, The experimental system has been made optimization as: (1) Parallel operation unit adopts four compressors, Conditions can be adjusted according to the change of heat load demand; (2) Heating the water temperature is adjusted according to the load change, and Adopt intermittent operation mode; (3) Cold and hot circulation pump adopt frequency conversion control, and adjust the discharge condition changes according to system working condition. Through the study of this article, Ground-source heat pump application in cold region would be able to provide reference.
Experimental System
Experimental system is located in Zhao Guang town, Bei'an. Experiment system is supply heat for pension center apartment blocks, which heating area is 3000m 2 . Experimental system mainly includes the heat pump system, the underground heat exchange system and indoor cooling system. Ground heat exchangers are used vertical u-shaped arrangement, and hole depth is 100 meters, pitch is 5 meters, a total of exchangers are 70. Pipes make use of PE100, inner diameter of 26 mm and wall thickness 3 mm. Backfill materials are mixture of coarse sand and clay. Parallel operation unit adopts four compressors, each compressor input power is 20kW, and adjustable. Evaporator circulating pump rated power is 7.5 kW, condenser circulating pump rated power is 11 kW, both pump adopt frequency conversion control mode. Schematic diagram of system is shown in Fig. 1 . Room of ground-source heat pump is shown in Fig. 2 . Schematic diagram of control system is shown in Fig. 3 . The compressor and circulating pump adopts centralized control state; choose compressor work stations according to the change of heat load demand. In the work state of compressor electromagnetic valve opens, and shut in stop state. Solenoid valve feedback signal transmit to the controller 1, 2, controller 1, 2, transmit output signal to frequency converter 1, 2. As a result of the change of frequency converter 1, 2 correspond with pump flow changes, and then reduce the power consumption of the circulating pump operation. For test the system real-time data at runtime, a portable data acquisition device is designed specially. Appearance of data acquisition and transmission apparatus is shown in Fig.4 . There are four temperature measuring points, Temperature sensor used for plus or minus 0.2% of PT100 platinum resistance for the condenser and evaporator's inlet and outlet temperatures. There are two power measuring points to test the power of system and unit, precision of the current power transmitter reach ±0.1%. There are two flow measuring points to measure the circulating medium flow condenser and evaporator, and Accuracy of the electromagnetic flowmeter reach ±0.2%. The MCGS configuration software in the computer connected to data collection and transmission apparatus, Temperature sensors, transmitter power and electromagnetic flowmeter signal collected by the data acquisition transmission instrument centralized processing, then shown in the surface of the MCGS and save data. 
Data Processing
Experimental data use the following formula for processing.
Ground Heat Exchanger
In thermal power of ground heat exchanger are as in Eq. 1.
(1) Where, Q 1 is ground heat exchanger heat power, kW; ρ 1 is density of circulating fluid, kg/m 3 ; V 1 is volume of circulating fluid flow, m 3 /s; c 1 is specific heat at constant pressure of circulating fluid, kJ/(kg · K); T 1in is medium inlet temperature, K; T 1out is medium outlet temperature, K; Heat transfer power of unit hole deep ground heat exchanger is as in Eq. 2. 1 1000
Where, q L is heat transfer power of unit hole deep, W/m; H is hole depth, m; N is hole count.
Heat Pump System
Heat pump system heating power is as in Eq. 3. Where, ρ 2 is water density, kg/m 3 ; V 2 is volume of water flow, m 3 /s; c 2 is specific heat at constant pressure of the water, kJ/(kg·K);t 2in is condenser inlet temperature, K; t 2in is condenser outlet temperature , K; E is system output power, kW.
Analysis of Result
Under the condition of 4 sets of compressor working, experiments are tested in continuous and intermittent operation, and then get The COP value of test system. Experiment system run continuously for 24 hours, data are shown in Fig.5 . The system COP value dropped from 2.39 to 2.39, and falling fast before 8 hours then became stable. System average COP value is 2.15. Intermittent operating experiments collected data in 6 hours, and shown in Fig.6 . System COP value have small variations in intermittent running, and The start-stop ratio close to 1:1. System average COP value is 2.36, and 9.8% higher than the continuous run time. Thus it can be seen that system when the intermittent operation of energy-saving effect is good. This way is more advantageous to the soil thermal recovery, so ground-source heat pump system should adopt the intermittent operation mode. The variation of heat load in cold region heating is bigger, building needed heat load is small at the beginning and end of heating, heat pump system do not need to run at full capacity. For optimized operation test, circulating pump systems used in the variable frequency control. From Fig.7 and Fig.8 , it shown that, heating efficiency difference is bigger, when compressors working number is different. The average system heating efficiency reached the highest in two compressors working, 12.3% and 16.3% higher than it was four compressors respectively. The reason is that, reducing the compressor working numbers, heat exchange capacity between heat exchanger and the soil reduced in unit time. The circulation medium inlet temperature go up, system COP value increase. For experimental verification energy saving effect of system circulating pump variable frequency, system COP value has carried on the comparative study add the circulation pump variable frequency and variable frequency. It shown in Fig.9 that, after the circulation pump with frequency conversion, system average COP value increased by 11.1% in two compressors working, and increased by 4.3% in three compressors working. Energy saving effect is obvious. Through the experiment research, it shown that ground-source heat pump system in cold area should adopt the mode of the circulation pump frequency conversion control with Intermittent operation and variant working conditions, in order to obtain a good energy saving effect.
Conclusion
Through the experimental research, conclusion as following, (1) ground-source heat pump system in cold area should adopt the intermittent operation mode, which is more advantageous to the soil thermal recovery, and 9.8% higher than the continuous run time;
(2) The average system heating efficiency reached the highest in two compressors working, 12.3% and 16.3% higher than it was four compressors respectively. System should be adopted variant working conditions mode; (3) After the circulation pump with frequency conversion, system average COP value increased by 11.1% in two compressors working, and increased by 4.3% in three compressors working.
